countries have lower levels of the knowledge than in developed countries. No study has been made on the epilepsy knowledge among Korean AWE. However, a survey of Korean adolescents from the general population indicated a general lack of familiarity and knowledge about epilepsy as well as perceptions that reflect stigma. 9 These findings describe how the peer social environment can be especially stressful for AWE. In addition, few educational treatment program for AWE has been developed in Korea.
A recent UK study suggested that some social avoidance of teenagers with epilepsy might be related to concerns about not knowing what do if a seizure occurred. 10 Therefore, improving the knowledge and understanding of AWE will improve success in coping with the disease, which, in turn, may prevent AWE from generating internalized stigma 11 ; however, there has been little research on whether or not the knowledge that AWE or their family have about epilepsy reduces the perception of stigma. Westbrook et al. 12 reported that approximately two thirds of AWE did not report feeling stigmatized, and suggested that specialized education and support in a teaching hospital setting may have helped them cope with living with epilepsy, perhaps resulting in fewer feelings of stigma.
Family environment is predictive of psychological wellbeing in AWE. 13, 14 Parental perception of stigma was correlated with depression of the child, 14 which reflects the importance of the family environment in the development of child perceptions of stigma. In Korea, mother is the main caregiver of the adolescent patients while father's role as a caregiver is overlooked and insignificant. And family with an epilepsy child tends to conceal that their child has the disease from their neighbors and relatives. Therefore, mother's perception of the disease has the strongest impact on AWE's stigma. The aims of this study were twofold, as follows: (1) to determine the level of knowledge about epilepsy and the perception of stigma in Korean AWE and their mothers; and (2) to determine whether poor knowledge about epilepsy and maternal perception of stigma influence the presence of stigma among AWE.
Materials and methods

Subjects
This was cross-sectional multicenter study involving 25 secondary or tertiary hospitals in Korea. Subjects were individuals aged 13-18 years (middle or high school students) with any type of epilepsy who had been treated for at least one year. Epilepsy was defined as a history of two or more unprovoked seizures or a single seizure with evidence of epileptiform activity recorded by electroencephalogram or structural lesions documented by brain imaging. Subjects were excluded if they had reported a seizure in the 48 h before completing the questionnaires, if they had a neurological deficit that affected daily living activities, if they had received treatment for active psychiatric or medical disorders, or if they were unable to read or understand the questionnaires.
All the patients fulfilling the criteria were asked to participate in the present study on the day they visited their pediatric doctors or neurologists at the outpatient clinic. They were recruited consecutively. Demographic and clinical data were collected by interviews and from information in medical files, and were used as confounding variables in the statistical analysis. Demographic data were age and sex of the AWE, their mothers' age, educational level, and economic status. Epilepsy-related data were onset age, duration, type of epilepsy, frequency of both generalized and focal seizures, generalized tonic clonic seizure frequency, and number of antiepileptic drugs. All AWE and their mothers were asked to fill out questionnaires at the outpatient clinic. Written informed consent was obtained from all subjects.
Questionnaires
The Epilepsy Knowledge Profile-General (EKP-G), which was developed by Jarvie et al. 15 to assess general knowledge of epilepsy, consists of 55 items (34 medical knowledge items and 21 social knowledge items), with participants asked to answer ''true'' or ''false'' to each statement. Our study used the 34 items relating to medical knowledge (EKP-M), which include knowledge of features of epilepsy, etiology, medication, and management, with the total possible score ranging from 0 to 34. Both AWE and their mothers were asked to fill out the EKP-M. It usually takes about 8-15 min to complete EKP-M. The 21 social knowledge items of the EKP-G were not used in this study. Translation of EKP-M into Korean was done by the corresponding author (Lee SA). Perception of stigma in AWE and their mothers was measured using the Child Stigma Scale (CSS) and the Parent Stigma Scale (PSS), respectively, both of which were developed by Austin et al. 16 The CSS consists of eight items related to feelings of being different, embarrassment because of the seizures, and disclosure such as keeping the seizure condition a secret. The AWE were asked to rate how often they felt or acted in the ways described in each item on a five-point scale, ranging from one (never) to five (very often). The PSS consists of five items that reflect the parent's perceptions of how others might view their child because of the epilepsy. The mothers were asked to rate how much they agreed with each item on a five-point scale, ranging from one (strongly disagree) to five (strongly agree). In both the CSS and the PSS, the score for all items are summed and divided by the number of items in the scale. A higher score reflects a greater perception of stigma. 16 The Disclosure Management Scale (DMS), which was developed by Westbrook et al. 12 was originally designed for PWE; however, it was modified for the mothers of AWE for use in this study. For example, a question such as ''Do you keep your epilepsy a secret from others?'' was modified to ''Do you keep your son's/daughter's epilepsy a secret from others?'' The DMS consists of four items and the mothers were asked to rate each of the items on a four-point scale, ranging from zero (no concealment of epilepsy) to three (full concealment of epilepsy). The score was summed across all items to produce a maximum total score of 11 points. 12 
Statistical analysis
We determined whether the AWE's perception of stigma (CSS score) was related to their medical knowledge about epilepsy (AWE EKP-M score) and their mother's medical knowledge about epilepsy (maternal EKP-M score), perception of stigma (PSS score), and disclosure management (DMS score). The dependent variable was the CSS score. Independent variables were the AWE EKP-M, the maternal EKP-M score, the PSS score and the DMS score. To analyze the effects of knowledge on perceptions of stigma, the participants were divided into three groups, according to the 33rd and 66th percentiles of the EKP-M score. We performed univariate linear regression, and then multiple linear regression with variables that had p-values <0.05 in the univariate analysis. Confounding variables included in the analysis were demographic (age and sex of the AWE), epilepsy-related (onset age, duration, type of epilepsy, frequency of both generalized and focal seizures, generalized tonic clonic seizure frequency, number of antiepileptic drugs), and maternal variables (age, economic status, educational level). P-values <0.05 were considered statistically significant. Data were analyzed using SPSS version 21.0 (SPSS Inc., Chicago, IL, USA).
Results
A total of 243 AWE and their mothers were included in this study. There were 127 boys (52%) and 116 girls (48%) with a mean age of 15.1 years (SD 1.7 years). Age at seizure onset was 10.4 years (SD 3.2 years) and epilepsy duration was 4.8 years (SD 3.3 years). Fifty eight percent of AWE had been in remission for at least 1 year and 62% of AWE was treated with monotherapy ( Table 1) . The mean age of mothers was 44.7 years (SD 5.4 years).
Knowledge about epilepsy
The EKP-M score was 20.7 (range, 12-31) for AWE and 22.0 (range, 11-31) for their mothers (Table 2) . One hundred and eighty-three AWE (75%) and 204 mothers (84%) scored <25 on the EKP-M, and only three AWE (1.2%) and one mother (0.4%) scored !30 on the EKP-M. The degree of knowledge about epilepsy was significantly related between AWE and their mothers (r = 0.264, p < 0.001) and was lower in AWE than in their mothers (p < 0.001).
Among the 34 EKP-M items, 26 were incorrectly answered by !25% of AWE and 25 were incorrectly answered by !25% of mothers. Five items were incorrectly answered by !60% of AWE and three items were incorrectly answered by !60% of mothers. These were as follows: ''Epilepsy is a symptom of mental illness'' (60% of AWE answered incorrectly); ''All people with epilepsy lose consciousness during seizures'' (60% of AWE answered incorrectly); ''If you forget to take an antiepileptic drug for a day, it is usually OK to take two doses together'' (85% of AWE and 89% of mothers answered incorrectly); ''Some people have been taught to control their seizures by psychological methods'' (60% of AWE and 69% of mothers answered incorrectly); and ''Most mothers taking antiepileptic drugs are able to breastfeed'' (68% of AWE and 64% of mothers answered incorrectly).
Four items were correctly answered by !80% of AWE and eight items were correctly answered by !80% of mothers. Four items were correctly endorsed by !80% of both AWE and mothers, as follows: ''An EEG can be used to help diagnose epilepsy'' (80% of AWE and 92% of mothers answered correctly); ''An EEG is designed to detect electrical activity from the brain'' (82% of AWE and 89% of mothers answered correctly); ''For antiepileptic drugs to be successful, they must be taken regularly'' (93% of AWE and 96% of mothers answered correctly); and ''Stress may cause some seizures'' (83% of AWE and 89% of mothers answered correctly).
Perception of stigma
The mean CSS score was 2.16 (SD 0.87) ( Table 2 ). The AWE response for stigma was between ''not often'' and ''sometimes''. The mean PSS score was 2.74 (SD 0.75), indicating a neutral perception of stigma on average. The PSS score was significantly higher in mothers of high school students than in mothers of middle school students (2.90 AE 0.69 vs. 2.65 AE 0.77; p = 0.011). The PSS score was not related to the age of the mother, the education level of the mother, or the sex of their AWE. The PSS score was weakly but significantly related to the CSS score (r = 0.157, p = 0.016). The mean DMS score was 5.4 (SD 2.8). The DMS score was weakly but significantly related to age of the mother (r = 0.132, p = 0.044), but was not related to the education level of the mother, the school that their AWE was attending, or the sex of their AWE. The DMS score was significantly related to the PSS score (r = 0.335, p < 0.001).
Factors contributing to perception of stigma in AWE
To analyze the effects of knowledge on perception of stigma in AWE, subjects were divided into three groups according to the 33rd and 66th percentiles of the EKP-M score. An EKP-M score between 12 and 19 was classified as very low, between 20 and 26 was classified as low, and between 27 and 31 was classified as moderate (Table 2) . In univariate analyses, the CSS score was significantly related to the PSS score (p = 0.016) and DMS score (p = 0.001) ( Table 3) . And the CSS score was higher in AWE with low EKP-M score than in AWE with very low EKP-M score (b = 0.267, p = 0.045). CSS score was also related to younger age at seizure onset (p = 0.017), longer duration of epilepsy (p = 0.011), and receiving polytherapy (p = 0.022). CSS score was not related to maternal EKP-M score, age of the AWE, age of the mother, sex of the AWE, maternal education level, maternal economic level, seizure type, or seizure frequency.
In multivariable linear regression, AWE's level of EKP-M (p = 0.040), DMS score (p = 0.002), and receiving polytherapy (p = 0.046) were identified as independent factors contributing to the CSS score (Table 3 ).
Discussion
In this study, we investigated the relation between the level of knowledge about epilepsy and the perception of stigma of epilepsy in AWE. We found that Korean AWE and their mothers had a much low level of knowledge about epilepsy. Even though AWE and their mothers had a neutral perception of stigma, on average, the maternal concealment behavior was high. Knowledge about epilepsy in AWE was significantly related to their perception of stigma. Unexpectedly, AWE with a low level of knowledge reported a higher perception of stigma than those with a very low level of knowledge. In addition, higher maternal concealment behavior and receiving polytherapy were identified as independent factors predicting higher perception of stigma of AWE.
To date, the literature suggests that knowledge of epilepsy is generally poor. 8, 17, 18 Dawkins et al. 17 concluded that PWE knew little more about their condition than a control group did, and Long et al. 18 concluded that PWE demonstrated limited knowledge of their condition regardless of age, education, or duration of epilepsy. However, the level of knowledge about epilepsy differs according to the country of origin. 8 In this study we found that Korean AWE and their mothers had a much lower level of knowledge about epilepsy than Western PWE. The percentage of correct answers in the EKP-M was 61% and 65% in AWE and their mothers, respectively, which is lower than the 71-77% reported by previous studies using the same EKP-M in Western PWE. 8, [19] [20] [21] Seventy-five percent of AWE and 84% of mothers scored <25 on the EKP-M, which is higher than the 50% reported in one European study. 8 Similarly, the percentage of AWE and mothers who scored !30 on the EKP-M was1.2% and 0.4%, respectively, which is lower than the 7% reported in this European study. 8 The level of knowledge about epilepsy in Korea was similar to that in Turkey, Portugal, and Poland, in which PWE had the lowest level of knowledge about epilepsy among all European countries. 8 Baker et al. 22 suggested that AWE may possess low levels of knowledge about their condition because they do not want to acknowledge its existence for fear of being stigmatized. In this study, the AWE and their mothers did not have a high perception of stigma, and were found to have a neutral perception of stigma on average. The mean PSS and CSS score was 2.74 (SD 0.75) and 2.15 (SD 0.87), respectively, which is similar to the 2.58 (SD 0.81) and 2.24 (SD 0.88), respectively, reported in one USA study. 16 The relatively low perception of stigma in Korean AWE and mothers was in agreement with the study of Westbrook et al. 12 which found that most of the AWE did not report feeling stigmatized and only about one-third perceived stigma. Westbrook et al.
12 explained this by the high level of concealment of their epilepsy, e.g., they found that at least 53% of AWE sometimes kept their epilepsy a secret from others, and 70% of AWE rarely or never talked to others about their epilepsy. It is possible that these concealment behaviors prevented subjects from experiencing stigmatizing encounters with others. In our study, we asked the AWE's mothers about their concealment behavior and, similar to the results of Westbrook et al. 12 61% of mothers reported that they often, or sometimes, keep their adolescent's epilepsy a secret from others, and 64% reported that none or few of their friends knew about the presence of their adolescent's epilepsy. The perception of stigma of epilepsy seems to be highest in younger age groups, 23, 24 but it is unclear whether younger or older AWE perceive more stigma. Westbrook et al. 12 reported that AWE aged 12-16 years had higher mean perceived stigma scores than those aged 17-20 years. By contrast, other investigators 23, 24 have reported that adolescents, especially older adolescents, may be more prone to perceive more stigma than other youths with epilepsy. In our study, we did not find any differences in the perception of stigma between middle and high school students; however, the maternal perception of stigma was significantly higher in the mothers of high school students than in the mothers of middle school students. One study has reported a trend for mothers' perceptions of stigma to be higher for adolescent girls than boys, 14 but we did not find any differences according to the gender of the AWE. Knowledge of epilepsy can improve the ability to successfully cope with it and may minimize its impact on social and psychological functioning such as depressive feelings, social anxiety, and self-esteem. 22 In this study, the level of knowledge that AWE had about their epilepsy was significantly related to their perception of stigma. Unexpectedly, we found that AWE with a very low level of knowledge perceived less stigma than those with a low level of knowledge, but there were no differences in perceived stigma between AWE with very low and moderate knowledge. This result was, in part, similar to that of Doughty et al. 8 who evaluated knowledge about epilepsy in adult PWE using the EKP-M, and found that PWE with a higher level of knowledge about their condition felt more stigmatized. They suggested that, for a small number of people, greater knowledge may have an adverse effect on perceived stigma. 8 In addition, a recent study in Georgia showed that medical and paramedical professionals who had a better general knowledge about epilepsy had the same or worse attitudes toward epilepsy than nonmedical professionals, unskilled workers, or unemployed individuals. 25 The family environment are of particular importance for psychopathology in children and AWE. 13, 14 It is possible that at epilepsy onset, a lack of knowledge about epilepsy negatively influences parental perceptions of epilepsy, and the finding that parents' attitudes about epilepsy become more positive in the course of time 26 seems to support this. In our study, the AWE's perception of stigma was significantly related to the level of maternal concealment behavior, but not to maternal knowledge about epilepsy or maternal perception of stigma. This finding suggests that information about disclosure management strategies may provide clues to improve our understanding of, and more sensitively capture the experiences of, stigma in AWE and their parents. 12, 27 In this study, receiving polytherapy was identified as an independent factor predicting a higher perception of stigma of AWE. AWE on polytherapy often has a more complicated form of epilepsy. Uncontrolled seizures and issues related to having a difficult-to-treat epilepsy may indirectly cause perception of stigma via the variable 'receiving polytherapy'. This potential mediational effect of receiving polytherapy on the relation between uncontrolled seizures and a perception of stigma needs to be proved. On the other hand the potential risk of emotional side effects of polytherapy has been described in previous studies. Polytherapy with antiepileptic drugs can increase the risk of anxiety disorders 28 and behavior problems in school-aged children with epilepsy. 29 In a Turkish study, polytherapy predicted the presence of depression in both children and AWE. 28 However, other studies have offered more equivocal results, suggesting no significant difference in the rate of depression between children receiving monotherapy and children receiving polytherapy. 30 Our study has several limitations. First, the sample was not randomly selected. Care should be taken, therefore, in generalizing the study findings to all AWE in Korea. Second, the EKP-G, which was developed by Jarvie et al. 15 to assess general knowledge of epilepsy, consists of 55 items (34 medical knowledge items and 21 social knowledge items), but we only used the 34 items that related to medical aspects of epilepsy. The 21 social knowledge items of EKP-G were not used in this study because these items of social aspects are not always cross-culturally applicable. Third, we translated the EKP-M into Korean and did not validate it in the Korean population because we thought validation of the EKP-M to discover the levels of the epilepsy knowledge is not as much necessary as those questionnaires such as on depression and quality of life which can be more affected by cultural environment. Finally, however, as the validation of the original questionnaire was done in UK population aged 16 or more, 15 perceiving of the questions in younger adolescents aged 13-15 in this study may not be the same as that in the older adolescents or their mothers.
Conclusion
We found that the level of knowledge that AWE had about their epilepsy, maternal concealment behavior, and receiving polytherapy were significantly related to the AWE's perception of stigma. Notably, AWE with the least knowledge felt less stigmatized than those with a one-step higher level of knowledge.
